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Abstract 
 
Objectives: A single case study is reported of a child who underwent several surgical procedures 
as result of congenital grade III subglottic stenosis.  The anterior aspect of the right vocal cord 
was damaged and underwent atrophy during one of these procedures.   Now an active 10 year 
old, the patient has become increasingly aware of his vocal limitations on functional activities.  
Injection of hyaluronic acid into the vocal folds has been known to provide improved voice 
quality in adults though there are no known cases reported of this procedure in children.   
 
Methods: This paper reports voice outcomes following injection of hyaluronic acid into the 
ZĞŝŶŬĞ ?ƐƐƉĂĐĞŝŶĂƐŝŶŐůĞĐĂƐĞƐƚƵĚǇ ?sŽŝĐĞƌĞĐŽƌĚŝŶŐƐǁĞƌĞŵĂĚĞƉƌĞ ?ƉŽƐƚĂŶĚŽŶĞŵŽŶƚŚ
following injection.  The voice recordings were subject to acoustic and perceptual analysis. 
 
Results:  Post and follow up voice recordings demonstrate decreased jitter, shimmer and 
harmonics to noise ratio.  Perceptual evaluation indicates improved voice quality. 
 
Conclusion: Injection of hyaluronic acid in children who require voice augmentation is possible 
and may contribute to increased vocal function and improved voice outcomes. 
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/ŶƚƌŽĚƵĐƚŝŽŶ 
Laryngeal airway narrowing from subglottic stenosis (SGS) may be congenital or acquired, with 
many cases of SGS acquired following intubation or laryngotracheal injury 
[1]
.  Medical and 
surgical interventions are used to establish sufficient airway to support respiratory function, 
including bypassing the obstruction with tracheostomy or reconstructive surgery to repair 
stenosis
[2]
.  Two main approaches to reconstructive surgical management exist: laryngotracheal 
reconstruction (LTR) and partial cricotracheal resection (CTR), and these are well documented 
in the literature 
[3]
.  Primary surgical outcome indicators continue to be survival or 
decannulation of the tracheostomy.  
 
Outcomes relating to quality of life (QOL) and voice quality have gained prominence with an 
increasing awareness of QOL impact following critical care surgery in the paediatric population 
[45]
.   In adults, voice quality is often reduced following LTR or CTR 
[6]
, particularly in women 
[7]
.  
Similar studies in the paediatric population show a range of findings from poor 
[4,8,9], to good 
voice outcome 
[5,10].  Voice outcome may depend on the preoperative condition, such as the 
grade of stenosis 
[9,11,12] or methodological differences in relation to how voice outcome is 
evaluated.  For example, there are various methods used in judging quality of life (e.g. using 
different health related quality of life questionnaires), various ways of evaluating voice quality 
(e.g. GRBAS or CAPE-V) and differences in acoustic data reported (e.g. F0, jitter, shimmer, HNR).   
Furthermore, published studies have a range of participant numbers, from 12 
[8] to 77 
[12]
 
reflecting the small caseload.  The overarching conclusion that can be drawn from the literature 
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is that individual voice outcome data is variable and related to various factors, including 
aetiology, stenosis grade, surgical procedures, surgical outcomes and how vocal function is 
evaluated.     
 
EŽƚǁŝƚŚƐƚĂŶĚŝŶŐƚŚĞƐĞǀĂƌŝĞĚĨŝŶĚŝŶŐƐ ?ƐŽŵĞĐŚŝůĚƌĞŶĂŶĚƚŚĞŝƌĨĂŵŝůŝĞƐƐĞĞŬŽŶŐŽŝŶŐĂĚǀŝĐĞ
ǁŚĞƌĞǀŽŝĐĞƌĞŵĂŝŶƐŽĨƉŽŽƌƋƵĂůŝƚǇƐĞǀĞƌĂůǇĞĂƌƐƉŽƐƚ>dZ ?dZ ?&ŽƌƚŚĞƐĞĐŚŝůĚƌĞŶƐƵƌŐŝĐĂů
ŝŶƚĞƌǀĞŶƚŝŽŶŝƐůŝŵŝƚĞĚƚŽƉƌŽĐĞĚƵƌĞƐƚŚĂƚǁŝůůŶŽƚĂĨĨĞĐƚƚŚĞŶŽƌŵĂůĐŽƵƌƐĞŽĨŐƌŽǁƚŚ ?ĞƐƉĞĐŝĂůůǇ
ŐŝǀĞŶƌĞƉŽƌƚƐƚŚĂƚ>dZ ?dZŝŶĐŚŝůĚŚŽŽĚĚŽĞƐŶŽƚŝŵƉĂĐƚŽŶƚŚĞŶŽƌŵĂůĂŶĂƚŽŵŝĐĂů
ĚĞǀĞůŽƉŵĞŶƚŽĨƚŚĞůĂƌǇŶǆ ? ? ? ?13 ? ? 
 
dŚĞƵƐĞŽĨƚĞŵƉŽƌĂƌǇŝŶũĞĐƚŝŽŶůĂƌǇŶŐŽƉůĂƐƚǇŝƐǁĞůůĚŽĐƵŵĞŶƚĞĚŝŶƚŚĞůŝƚĞƌĂƚƵƌĞǁŝƚŚĂǀĂƌŝĞƚǇ
ŽĨĂǀĂŝůĂďůĞƉƌŽĚƵĐƚƐƚŚĂƚĐĂŶďĞƵƐĞĚƚŽďƵůŬŽƵƚĂǀŽĐĂůĨŽůĚŝŶŽƌĚĞƌƚŽĐůŽƐĞĂƉŚŽŶĂƚŽƌǇ
ŐůŽƚƚŝƐŐĂƉĂŶĚŝŵƉƌŽǀĞǀŝďƌĂƚŽƌǇĨƵŶĐƚŝŽŶ ?14 ? ?DƵĐŚŽĨƚŚĞƌĞƉŽƌƚĞĚƌĞƐĞĂƌĐŚĚĞƐĐƌŝďĞƐ
ŝŶũĞĐƚŝŽŶůĂƌǇŶŐŽƉůĂƐƚǇŝŶƌĞůĂƚŝŽŶƚŽǀŽĐĂůĨŽůĚƉĂƌĂůǇƐŝƐ ?s&W ? WĂĐŽŶĚŝƚŝŽŶƚŚĂƚŚĂƐƉŽƚĞŶƚŝĂů
ĨŽƌƐƉŽŶƚĂŶĞŽƵƐƌĞĐŽǀĞƌǇ ?&ŽƌĞǆĂŵƉůĞ ?ǀĂƌŝŽƵƐĐŽůůĂŐĞŶƉƌŽĚƵĐƚƐ ?ŵŝĐƌŽŶŝǌĞĚ ?ĂĐĞůůƵůĂƌ ?
ĐĂĚĂǀĞƌŝĐĚĞƌŵŝƐĂŶĚďŽǀŝŶĞ ?ŚĂǀĞƐŚŽǁŶƉƌŽŵŝƐŝŶŐǀŽŝĐĞŽƵƚĐŽŵĞƐƵƉƚŽ ?ŵŽŶƚŚƐĨŽůůŽǁŝŶŐ
ŝŶũĞĐƚŝŽŶůĂƌǇŶŐŽƉůĂƐƚǇŝŶĐŚŝůĚƌĞŶǁŝƚŚs&W ?15 ? ?dŚŝƐƌĞǀŝĞǁĂůƐŽĚĞƐĐƌŝďĞƐƚŚĞǀĂƌŝĞĚŽƵƚĐŽŵĞƐ
ƵƐŝŶŐŽƚŚĞƌŵĂƚĞƌŝĂůƐƐƵĐŚĂƐĐĂůĐŝƵŵŚǇĚƌŽǆǇůĂƉĂƚŝƚĞ ?ĂƵƚŽůŽŐŽƵƐĨĂƚĂŶĚŚǇĚƌĂƚĞĚƉŽƌĐŝŶĞ
ŐĞůĂƚŝŶƉŽǁĚĞƌ ?DĂŶǇŽĨƚŚĞƐĞŵĂƚĞƌŝĂůƐĂƌĞƐƵďũĞĐƚŽƌĞƐƚƌŝĐƚĞĚƵƐĞŝŶƚŚĞƉĂĞĚŝĂƚƌŝĐ
ƉŽƉƵůĂƚŝŽŶŝŶƚŚĞh< ?ŚŽǁĞǀĞƌŽŶĞŵĂƚĞƌŝĂůŝƐǁŝĚĞůǇƵƐĞĚ-ŚǇĂůƵƌŽŶŝĐĂĐŝĚ ?,ǇĂůƵƌŽŶŝĐĂĐŝĚŚĂƐ
ĂůƐŽďĞĞŶƵƐĞĚŝŶŝŶũĞĐƚŝŽŶůĂƌǇŶŐŽƉůĂƐƚǇǁŝƚŚŝŵƉƌŽǀĞĚǀŽŝĐĞƋƵĂůŝƚǇŝŶĂĚƵůƚƐǁŝƚŚƵŶŝůĂƚĞƌĂů
s&W ?16 ? ?ĂŶĚƚŚĞƐƉĞĐŝĨŝĐŵŽůĞĐƵůĂƌǁĞŝŐŚƚŽĨĐĞƌƚĂŝŶŚǇĂůƵƌŽŶŝĐĂĐŝĚĐŽŵƉŽƵŶĚƐĂƌĞĐŽŶƐŝĚĞƌĞĚ
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ƚŽďĞĞĨĨĞĐƚŝǀĞĂƚĂƵŐŵĞŶƚĂƚŝŽŶŽĨƚŚĞǀŽĐĂůĨŽůĚƐ ?17 ? ?/ƚƐƵƐĞŝƐĂůƐŽƌĞƉŽƌƚĞĚĨŽƌĂƵŐŵĞŶƚĂƚŝŽŶ
ĂŶĚŵĞĚŝĂůŝƐĂƚŝŽŶŽĨƚŚĞǀŽĐĂůĨŽůĚƐŝŶĐŚŝůĚƌĞŶǁŝƚŚs&W ?18 ? ? 
 
tŚŝůĞƚŚĞƐĞŵĂƚĞƌŝĂůƐŵĂǇďĞǁŽƌƚŚǁŚŝůĞƵƐŝŶŐǁŚĞƌĞƚŚĞƉƵƌƉŽƐĞŽĨƚŚĞƉƌŽĐĞĚƵƌĞŝƐƚŽďƵůŬ
ŽƵƚĂŶĞǆŝƐƚŝŶŐďƵƚŶŽŶ-ĨƵŶĐƚŝŽŶŝŶŐǀŽĐĂůĨŽůĚ ?ůŝƚƚůĞŝƐŬŶŽǁŶĂďŽƵƚŚŽǁƚŚĞǇŵŝŐŚƚďĞƵƐĞĚ
ǁŚĞƌĞƚŚĞǀŽĐĂůĨŽůĚŚĂƐĂƚƌŽƉŚŝĞĚĨŽůůŽǁŝŶŐŶĞŽŶĂƚĂů>dZ ?dŚĞƐĞƉĂƚŝĞŶƚƐƉƌĞƐĞŶƚǁŝƚŚĂ
ŐƌĞĂƚĞƌĚĞŐƌĞĞŽĨĐŚĂůůĞŶŐĞƚŽƚŚĞŽƚŽůĂƌǇŶŐŽůŽŐŝĐĂůƐƵƌŐĞŽŶǁŚŽŝƐĨĂĐĞĚǁŝƚŚĂĐŽŵƉƌŽŵŝƐĞĚ
ĂŶĂƚŽŵǇ ? 
 
This paper reports a single case study of a pre-pubertal child who has vocal fold atrophy 
ĨŽůůŽǁŝŶŐŶĞŽŶĂƚĂů>dZ ?sŽŝĐĞŽƵƚĐŽŵĞƐĨŽůůŽǁŝŶŐŝŶũĞĐƚŝŽŶŽĨŚǇĂůƵƌŽŶŝĐĂĐŝĚŝŶƚŽƚŚĞZĞŝŶŬĞ ?Ɛ
space are reported.     
 
Method 
Participant information:  The patient in this single case study presented with a congenital type 
III subglottic stenosis (SGS).  During the neonatal period, the patient required tracheostomy for 
a grade III SGS that was reversed by performing a cricotracheal resection during infancy. During 
the procedure the anterior aspect of the right vocal fold was damaged and underwent 
atrophy
1
.   Further symptomatic SGS recurrence was treated with a laryngotracheal resection 
and anterior rib graft at 7 years of age.  Now aged 10, the patient continues to have a small 
                                                          
1
 The clinical appearance was that of a withered anterior vocal fold, that may or may not be truly atrophied in 
terms of muscular impulse activity.  Laryngeal EMG was not undertaken at that time, but between infancy and 10 
years of age, there was no substantial change to the vocal fold clinical appearance.  
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subglottic / tracheal stenosis, giving him mild stridor and a phonatory glottis insufficiency 
resulting in a weak and breathy voice.   
 
The patient is able to participate in a wide range of educational and extra-curricular activities 
despite his respiratory limitations.  As he has matured into pre-adolescence he has become 
increasingly aware of the limitations his voice quality has on functional activities. This 
awareness prompted his family to seek further advice and information regarding future surgical 
management.   
 
Surgical Procedures:  The patient was admitted for surgery where 0.4 ml of Rystylene Perlane ®; 
(Q-Med, Uppsala, Sweden) hyaluronic acid was injected submucosally /subepithelially into the 
ĂƚƌŽƉŚŝĞĚĂƌĞĂŽĨƚŚĞƌŝŐŚƚǀŽĐĂůĨŽůĚŝŶƚŚĞZĞŝŶŬĞ ?ƐƉĂĐĞ to bulk out the anterior position of 
the vocal fold.  Both vocal folds were mobile on video endoscopy with a glottal gap evident as a 
result of the atrophy of the R vocal fold which reduced as the material was injected. There was 
no significant vertical mismatch of the vocal folds observed during surgery.  The patient had a 
suspension laryngoscopy while under a spontaneously breathing tubeless general anaesthetic.  
He was discharged home the following day with no complications. 
 
Voice recordings:  A range of audio recordings, shown in table 1,  were made using the Storz 
Aida 3 system at pre surgery, post-surgery and one month follow up.  
 
<insert table 1 here> 
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Voice analyses:   The Multi-Dimensional Voice Program (MDVP) Model 5105 version 3.3.0 
software option (KayPENTAX) was used to analyse the fundamental frequency (FO), jitter 
ƉĞƌĐĞŶƚ ?:/dd ? ?ƐŚŝŵŵĞƌƉĞƌĐĞŶƚ ?^,/D ?ĂŶĚŶŽŝƐĞƚŽŚĂƌŵŽŶŝĐƐƌĂƚŝŽ ?E,Z ?ŝŶŽƵƌƉĂƚŝĞŶƚ ?s 
sustained production of /a/ at each time period.  These three variables have been measured 
using MDVP in recently published acoustic studies of paediatric voice 
[19,20,21]
 and thus provide a 
normative sample for comparison. 
 
Maximum phonation times were calculated for the sustained vowel [a] and consonants [s] and 
[z] using the MDVP software where onset and offset of the sustained vowel or consonant could 
be visualised using the sound waveform.  This was particularly necessary given that MPT are 
short for this patient due to inhalatory stridor.  dŚĞƉĂƚŝĞŶƚ ?ƐDWdǀĂůƵĞƐǁĞƌĞĐŽŵƉĂƌĞĚƚŽ
normative values for children 
[22]
.   Perceptual analysis using the Grade, Roughness and 
Breathiness aspects of the GRBAS 
[23]
 scale was performed by a speech and language therapist 
with extensive clinical experience in working with voice disorders.  Judgements about asthenia 
ĂŶĚƐƚƌĂŝŶĂƌĞŬŶŽǁŶƚŽďĞůĞƐƐƌĞůŝĂďůĞŝŶƚŚĞƉĞƌĐĞƉƚƵĂůĞǀĂůƵĂƚŝŽŶŽĨĐŚŝůĚƌĞŶ ?ƐǀŽŝĐĞ
disorders 
[24]
.  The sound files were randomised by a third party who kept a record of which 
recording matched each time period.  These sound files were played to the expert listener who 
ǁĂƐ ‘ďůŝŶĚĞĚ ?ƚŽƚŚĞƚŝŵĞŽĨĞĂĐŚƌĞĐŽƌĚŝŶŐ ? 
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Figure 1 shows the right vocal fold pre and post surgical injection of the hyaluronic acid.  Image 
A, taken pre-injection, shows atrophy of the right vocal fold with associated subglottic stenosis.  
Image B, shows the right vocal fold bulked up post hyaluronic acid injection and dilation of the 
subglottic stenosis. 
 
 
Figure 1:  Image of the vocal fold pre and post surgical injection of hyaluronic acid 
 
Table 2 shows the values for FO, JITT, SHIM and NHR ŝŶŽƵƌƉĂƚŝĞŶƚ ?ƐƐƵƐƚĂŝŶĞĚƉƌŽĚƵĐƚŝŽŶŽĨ ?Ă ?
at each time period.   While our patient presents with acoustic values for sustained [a] 
production that are greater than the normative values available in the published literature, JITT 
decreases across the three time periods.  
 
<insert table 2 here> 
 
Table 3 shows the values for MPT at each time period compared to values for these available in the 
published literature.    Our patient has lower than would be expected MPT for his age, due to the 
inhalation stridor associated with his SGS. 
 
<insert table 3 here> 
 
Grade, Roughness and Breathiness ratings were assigned to each recording following the 
GRBAS rating system.  In this scale, 0 = normal, 1 = slight, 2 = moderate and 3 = extreme.   
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The perceptual rating for the sustained [a] improved between pre and post injection but not by the time 
of the follow up recording.  In the CAPE-V sentences there was improved rating by the time of the follow 
up recording for five of the sentences.  The perceptual rating of the sentence which elicits hard glottal 
attack did not improve.   Comparison of the GRB ratings across all utterances was made by calculating 
the mean rating in the pre, post and follow up conditions.  Figure 2 shows the mean value across the 
three time points, indicating the general trend for improvement in perceptual rating towards the normal 
category. 
 
<insert figure 2 here> 
 
The patient and his family reported increased voice quality at home and during school and 
extra-curricular activities.   After a period of 6 months, the patient returned to the clinic 
reporting decreased vocal function and requested a repeat injection.   
 
Discussion 
/ŶũĞĐƚŝŽŶŽĨŚǇĂůƵƌŽŶŝĐĂĐŝĚŝŶƚŚĞZĞŝŶŬĞ ?ƐƐƉĂĐĞŝŶƚŚŝƐƐŝŶŐůĞĐĂƐĞƐƚudy was considered to be 
a successful procedure.  There was improvement in vocal function that was observed through 
acoustic analysis, perceptual evaluation and patient report.  The findings for this single case 
study are similar to those reported in larger studies of adults who have had temporary 
augmentation using hyaluronic acid 
[15]
.  Thus it would be interesting to explore the usefulness 
of this injection material in greater numbers of children. The main advantage to using 
hyaluronic acid is its viscosity and the manner in which quantity can be controlled during the 
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injection procedure 
[16]
 and these might extend to the management of complex paediatric 
conditions such as that reported here.   
 
Improved vocal function appears to last for around six months, with the hyaluronic acid 
dissolving over the course of time leading to a decrease in voice quality.  The patient described 
in this paper has returned for a repeat injection, with the same level of improvement in voice 
quality noted through patient and parental report.  Ongoing repeat injection of hyaluronic acid 
is currently being considered as a management option for this patient until such time as a more 
permanent surgical option (e.g. Isshiki type I thryoplasty) is appropriate post puberty. 
 
Conclusion 
In this single case study, injection of hyaluronic acid proved to be a positive temporary 
augmentation that led to improved voice quality and offered the patient a means with which to 
consider future permanent surgery.   There is scope for future research exploring the long term 
voice outcomes for children who have undergone LTR or CTR and the use of temporary vocal 
fold augmentation to support children for whom vocal function continues to be compromised, 
particularly where these children report reduced vocal function that impacts on their lives.   
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Data  Acoustic measure (using MDVP) Perceptual evaluation 
 
Maximum 
phonation time
 
FO  Jitter Shimmer 
 Noise to 
harmonics 
ratio 
 
Time 
judgement 
GRB(AS 
Sustained 
vowel [a] 
9 9 9 9 9 9 9 
Sustained 
consonant [s] 
9     9 9 
Sustained 
consonant [z] 
9     9 9 
Reading 
ƉĂƐƐĂŐĞ “dŚĞ
north wind and 
ƚŚĞƐƵŶ ? 
 
    9 9 
Six sentences 
from the CAPE-
V protocol 
 
    9 9 
Table 1: Audio data recordings and their corresponding analysis method 
 
 
  Patient  Published normative data 
  Pre Post Follow up 
Tavares et 
al 
19
 
Maturo et 
al
 20 
Abu-Rass et 
al 
21 
F0 191.12 280.41 271.96 222.49 226.47 230.93 
JITT % 7.42 6.67 4.58 1.71 1.80 1.66 
SHIM % 17.40 21.45 19.15 4.01 3.49 2.95 
NHR 0.45 0.55 0.40 0.13 0.13 0.12 
Table 2: Acoustic analysis comparing patient findings to published normative data 
 
 
  Pre Post Follow up 
Tavares et 
al 
22 
Sustained /a/ 2.02 1.5 2.8 9.22 
Sustained /s/ 1.6 1.4 2.3 9.22 
Sustained /z/ 1.03 0.6 1.5 9.35 
Table 3: Maximum phonation times comparing patient findings to published normative data  
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Image A 
 
Image B 
 
Pre injection Post injection 
 
Figure 1: Images taken showing the vocal fold at pre and post surgical injection of hyaluronic 
acid 
 
 
 
Figure 2:  Graph showing the perceptual rating of hoarseness at each time point 
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